Introduction
Long-lasting exposure to altitude hypoxia and low ambient temperature is the specificity of alpine skiing. Both of these environmental factors alter the immune response (Facco et al., 2005 , Hartmann et al., 2000 , Castellani et al., 2002 , Walsh and Whitham, 2006 . Upper respiratory tract infections are common in elite cross-country skiers (Facco et al., 2005) . In exercising men, during cold exposure, changes in proinflammatory cytokine expression are often observed (Castellani et al., 2002) .
High altitude hypoxia may stimulate expression of the inflammatory cytokines independently from ambient temperature. This kind of response to low oxygen concentration has been evolved as a physiological mechanism detecting tissue injury and improving tissue repair (Hartmann et al., 2000) .
Performing physical exercise at high altitude enhances the immune response by increasing energy substrates demand and inducing significant myocytes damage under hypoxia conditions (Hagobian et al., 2006 , Magalhães et al., 2005 , Walsh, Whitham, 2006 . Muscle damage in professional athletes during high-altitude training is not only due to the increased oxygen deficit, but also the result of a rapid increase in training intensity or volume (Cazzola et al., 2003) .
It is generally admitted that a single bout of hypoxia can be responsible for an increase in reactive oxygen and nitrogen species (RONS) generation leading to higher oxidative stress values resulting in the increase of biological tissue oxidation (Pialoux et al., 2009) . The available information suggests that RONS are involved, and may even play a causative role, in the high altitude pulmonary edema (HAPE) and high altitude cerebral edema (HACE) (Bailey et al., 2001 ).
Various environmental factors such as cold temperature and high altitude can affect performance in winter sports athletes. The best acclimatization practices can help them in better preparation for training and competitions (Chapman et al., 2010) . In Alpine skiing competitors, due to the specifics of this discipline, a high level of both aerobic and anaerobic capacity is essential (Bacharach and Duvillard, 1995) . "Live low -train high" training model is used by the athletes to acclimatize for competing at high altitudes (Vogt, 2010) . However, physical and physiological effects accompanying hypoxic conditions may have no beneficial effects on muscles or performance. There are no clear recommendations necessary to achieve sport success for athletes competing at high altitudes (Chapman et al., 2010) .
Thus, better understanding of the impact caused by the environmental factors on certain metabolic processes and the stress response can lead to better preparation for training and competitive conditions. Therefore, the objective of this study was to assess the impact of the six day training model "live low -train high" on selected indicators of immune and antioxidant-prooxidant balance in alpine skiers.
Material and methods
The study was performed on seven men aged from 20 to 29 years (23 ± 3.6 years, 75. by Buege and Aust (1991 Table 1 presents basic statistics of morphological and biochemical indices of blood, as well as the anaerobic peak power and relative peak power values measured before the glacier training, and after returning to sea level.
Results
Comparative analysis of biochemical indices of blood obtained in both studied terms showed a significant increase in levels of hsCRP and IL-6 (p<0.05). There were no significant changes in TSH, TAS and TBARS concentrations. Although there was no significant change in the morphological indices after returning to sea level, in six athletes an increase in total iron concentration, the rate of its binding (TIBC), and the degree of transferrin saturation (Tfs) occurred.
In one athlete, however, these indicators declined.
The values of peak anaerobic power and relative 
Discussion
In the presented study, after the glacier According to these authors, increased level of IL-6 had no connection with the inflammatory process, but probably served to stimulate erythropoiesis. 
Scheme of the daily training program during the stay at 3000 m above sea level
In a long-term study at high altitude in Antarctica (from 2077 m to 3032 m), Otani and Kusagaya (2003) found an increase in IL-6 and CRP levels, while the changes in CRP levels were very slight. They concluded that the inflammation was not associated with changes in IL-6. These authors indicated psychological stress and other factors as related to IL-6 levels. However there was no correlation between changes in IL-6 and erythropoietin level. In this study, similarly to Otani and Kusagaya (2003) , the correlation between IL-6 and hsCRP concentrations was not observed and this may underline the existence of different mechanism of both immunological indices changes.
The immune system boost in high altitude conditions may be caused by the increased secretion of thyroid hormones. A significant contribution of thyroid hormones in the erythropoietin expression in hypoxic conditions (Ma et al. 2004 ) was revealed. Basu et al. (1995) recorded a decrease in the concentration of thyroid stimulating hormone (TSH) and increased levels of thyroid hormones (total T3, free T4, free T3) in people staying at altitudes above 5000 m.
According to this author, it indicates a subtle degree of tissue hyperthyroidism which may play an important role in overcoming the extreme cold and hypoxic environment of high altitude.
Though at lower altitudes (3750 m), the changes in TSH concentration were not noted. Alike with the results of this study. Thyroid hormones affect the immune system by increasing the proliferation and lymphocytes secretion (Kruger, 1996) . In this study, the tendency to decrease the amount of lymphocytes was found, yet statistical significance did not occur.
Under reduced oxygen availability, the body is exposed to greater risk of oxidative stress Inflammatory response to hypoxia is one of the mechanisms, in which iron metabolism is involved. IL-6 is the primary mediator for the upregulation of liver hepcidin activity -the key regulator of iron metabolism (Kemna et al., 2008) .
In hypoxia, hepcidin regulates the availability of iron for erythropoiesis (Vyoral and Petrák 2005) .
Adequate altitude (minimum 2100-2500 m) and duration of the stay are important factors for achieving significant increase in red blood cell mass (Pottgieser et al., 2009 (Nagata et al., 2007 ) . (Feelders, 1998) .
Conclusion
In conclusion, after a short training period at high altitude, there was a subtle increase in immunological indices and at the same time, no changes in prooxidative-antioxidant parameters in alpine skiers. Six-days high altitude training did not cause dramatic effects in homeostasis of athletes practicing disciplines with a high anaerobic component but was efficient in improving performance. However, the small number of athletes was the limiting factor of this study.
